BACKGROUND: Although many specialists serve as primary care physicians (PCPs), the type of patients they serve, the range of services they provide, and the quality of care they deliver is uncertain. OBJECTIVE: To describe trends in patient, physician, and visit characteristics, and compare visit-based quality for visits to generalists and specialists self-identified as PCPs. DESIGN: Cross-sectional study and time trend analysis. DATA: Nationally representative sample of visits to office-based physicians from the National Ambulatory Medical Care Survey, 1997-2010. MAIN MEASURES: Proportions of primary care visits to generalist and specialists, patient characteristics, principal diagnoses, and quality. KEY RESULTS: Among 84,041 visits to self-identified PCPs representing an estimated 4.0 billion visits, 91.5 % were to generalists, 5.9 % were to medical specialists and 2.6 % were to obstetrician/gynecologists. The proportion of PCP visits to generalists increased from 88.4 % in 1997 to 92.4 % in 2010, but decreased for medical specialists from 8.0 % to 4.8 %, p=0.04). The proportion of medical specialist visits in which the physician self-identified as the patient's PCP decreased from 30.6 % in 1997 to 9.8 % in 2010 (p< 0.01). Medical specialist PCPs take care of older patients (mean age 61 years), and dedicate most of their visits to chronic disease management (51.0 %), while generalist PCPs see younger patients (mean age 55.4 years) most commonly for new problems (40.5 %). Obstetrician/gynecologists self-identified as PCPs see younger patients (mean age 38.3 p<0.01), primarily for preventive care (54.0 %, p<0.01). Quality of care for cardiovascular disease was better in visits to cardiologists than in visits to generalists, but was similar or
P rimary care is defined as providing first contact care that is comprehensive, long-term, person-focused and coordinated. 1 In the United States, physicians trained in general internal medicine or family practice typically serve as adult primary care physicians (PCPs), whereas specialists are consulted for advice regarding diagnosis or treatment, to perform specific procedures, or to share management of chronic medical conditions. 1, 2 Efforts to revitalize the US primary care system through innovative models such as the patient-centered medical home 3 focus on clarifying the relationship between PCPs and specialists and improving coordination between primary and specialty care. 4, 5 Besides serving as consultants or co-managers, some specialists also can serve as PCPs. 6, 7 Although specialists report providing primary care to a minority of their patients, [8] [9] [10] [11] it also has been proposed that specialists could serve as medical homes for patient populations with selected chronic medical conditions. 12, 13 Little is known regarding the types of patients who receive primary care from specialists, whether specialist PCPs provide the range of services and care coordination activities typically associated with primary care, or the quality of care
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delivered. Prior research shows that specialists are more likely to perform recommended care processes for a given medical condition within their area of expertise, 14, 15 but at a population level, a higher ratio of primary care physicians to specialists is associated with higher overall quality of care. 16 Given anticipated shortages in generalist physicians, 17, 18 and diffusion of new models of primary care, a stronger understanding of the contribution of specialists to primary health care is needed.
In this study, we compare trends in patient and practice characteristics, and quality of care of visits to generalists and medical specialists self-identified as the patient's primary care physician using data from an ongoing nationally representative sample of physician visits.
METHODS

Data Sources
We analyzed physician visits from the National Ambulatory Medical Care Survey (NAMCS) from the years 1997-2010. Conducted by the National Center for Health Statistics (NCHS), NAMCS comprises a probability sample of officebased non-federally employed physicians who are principally involved in patient care activities, and is representative of physician office visits nationally. 19 
Data Collection Procedures
The NAMCS uses a three-stage probability sample design to obtain nationally representative samples of ambulatory visits. In the first stage, 112 primary sampling units (PSUs) are chosen, consisting of geographic segments within the United States. For the second stage, a sample of practicing physicians within each PSU is selected from the master files maintained by the American Medical Association and the American Osteopathic Association. Finally, a random sample of patients seen during a pre-specified week is selected for each sampled physician. 19 This design enables calculation of national-level estimates and associated standard errors using survey weights.
From 1997 to 2010, the physician response rate for NAMCS ranged from 58 to 71 %, with a range of 1,087 to 1,477 physician respondents per year. The number of visits sampled annually ranged from 20,760 to 32,778, for a total of 379,592 visits from 18,483 physicians over the time period 1997-2010. Data for each visit is collected using a standardized form and includes the patient's primary reason for visit (i.e. chief complaint), up to three diagnoses derived from the International Classification of Diseases, Clinical Modification, Ninth Revision, patient demographic characteristics, and up to eight medications during the visit. From 2005 on, the prevalence of 12 chronic diseases was collected for all visits. 20 
Study Sample
We selected visits to generalists (family medicine, general internal medicine and general practice), internal medicine subspecialists (hereafter referred to as "medical specialists"), and obstetrician/gynecologists (OB/GYNs), but excluded visits to psychiatrists, neurologists and surgical specialists. Visits were excluded if the patient was under the age of 18 years, or if the reason for visit was pregnancy or prenatal care. We defined PCP visits as those in which the physician responded "yes" to the question "Are you the patient's primary care physician?"
Outcomes
We first examined the proportion of visits in which the physician self-identified as the patient's PCP for the years 1997-2010, to examine trends over time. For self-identified PCP visits, we examined patient characteristics including age, race, ethnicity, sex, and insurance status, practice characteristics including region, setting (urban vs. nonurban), and practice ownership, and visit characteristics including visit length. To assess the comprehensiveness of primary care, we examined the range of primary diagnoses, 6 referral frequency, and reason for visit (new problem vs. chronic disease management, vs. preventive care). For these visit characteristics, we pooled visits across the study years for analyses.
Quality Measures
We examined a set of previously defined quality measures constructed using data from NAMCS [21] [22] [23] for the years 1997-2010. The 24 measures include antithrombotic therapy for atrial fibrillation, statin use for hyperlipidemia, inhaled corticosteroid for asthma, and mental health counseling or antidepressant use for depression, and use of inappropriate medications in the elderly. 24 For each quality indicator, we identified the eligible population by examining the reason for visit and visit diagnoses (e.g. atrial fibrillation), and then identified those visits in which the appropriate quality metric was met (e.g. prescription of antithrombotic). Measures of overuse were defined in a similar manner. 23 Indicators that had more than 30 % relative standard error (the standard error divided by the estimate, expressed as a percentage of the estimate) or a sample size of less than 30 cases per cell, were excluded per NCHS guidelines 19 
Statistical Analysis
We constructed linear regression models for age and visit length, and logistic regression models for visit characteristics and quality indicators to examine differences by physician specialty. We also created multivariate models to adjust for calendar year, patient factors such as age, sex, race, ethnicity, insurance, presence of co-existing conditions (atrial fibrillation, hypertension, congestive heart failure, diabetes mellitus, coronary artery disease, asthma, chronic obstructive pulmonary disease, chronic kidney disease and depression), as well as visit type (new problem vs. chronic disease management, vs. preventive care), region, and location in a metropolitan area.
To assess trends in physician self-identification as PCP over time, we reported proportions of PCP visits for 2-year intervals. We then estimated a logistic regression model predicting physician self-identification as PCP in a given visit. We included physician specialty (generalist vs. medical specialist vs. OB/GYN), year as a linear term, and the interaction of specialty with year. We reported p values for the interaction of specialty and year. All analyses were performed using SAS-callable SUDAAN, version 11.0 (RTI International) to account for NAMCS' complex multi-stage sampling design. The VA Boston Healthcare System institutional review board determined that this study was exempt from review.
RESULTS
Physician Specialty
From a total of 379,592 total visits included in NAMCS from 1997-2010, we identified a total of 141,010 visits to generalists, medical specialists and OB/GYNs. In 84,041 of these visits, representing an estimated 4.0 billion visits, the physician identified themselves as the patient's PCP.
The proportion of medical specialist visits in which the physician indicated that they were the patient's PCP decreased from 30.6 % in 1997 to 9.8 % in 2010 ( Fig. 1 , trend p<0.01), but was stable for PCPs (88.7 %) and OB/ GYNs (17.1 %). Cardiologists and pulmonologists less commonly self-identified as a PCP over time (Cardiology 34.9 % PCP visits in 1997 to 9.9 % PCP visits in 2010, p< 0.01, Pulmonary 35.0 % PCP visits in 1997 to 3.9 % PCP visits in 2010, p=0.05). Infectious disease physicians (65.9 % PCP visits), nephrologists (44.8 % PCP visits), and endocrinologists (32.4 % PCP visits) commonly served as PCPs for their patients, and this was stable over time.
Among the 84,041 visits to self-identified PCPs, most were to generalist physicians (91.5 %), with the remainder to medical specialists (5.8 %) and OB/GYNs (2.6 %). The proportion of PCP visits to generalists increased from 88.4 % in 1997 to 92.4 % in 2010, while the proportion of PCP visits to medical specialists decreased from 8.0 % to 4.8 % (p=0.04) and the proportion of PCP visits to OB/ GYNs was stable at 2.6 % (p=0.53). Family practice was the most common speciality among visits to generalist PCPs, and cardiology was the most common specialty was among visits to medical specialist PCPs (Table 2) .
Patient Characteristics
Patients visiting medical specialist PCPs were older than those visiting generalist PCPs (61.0 vs. 55.4 years, p<0.01) or OB/GYNs (38.3, p<0.01, Table 1 ) and more frequently Pulmonary (14.9 %) General Practice (4.9 %) Nephrology (11.7 %) Internal Medicine/Geriatrics (0.6 %) Hematology/Oncology (9.6 %) Internal Medicine/Pediatrics (0.5 %) Endocrinology (7.9 %) The prevalence of several chronic conditions was higher in visits to medical specialists than in visits to generalists, including congestive heart failure (CHF) (5.4 % of visits to medical specialists versus 2.8 % of visits to generalists, p< 0.01), cancer (12.5 % medical specialists, 4.2 %, generalists, p<0.01) and ischemic heart disease (11.4 % specialists, 5.2 % generalists, p<0.01). OB/GYN PCPs had few to no visits for patients with many chronic medical conditions including congestive heart failure (CHF), chronic kidney disease, chronic obstructive pulmonary disease (COPD), and cerebrovascular disease. Depression was more common among visits to generalists than visits to medical specialists or OB/GYNs (13.3 % of generalist visits compared to 7.8 % of specialist visits, and 6.2 % OB/ GYN visits p<0.01). Patients visiting specialist PCPs had a higher mean number of chronic diseases when compared to those seeing generalist PCPs (2.0 chronic diseases for specialists vs. 1.7 for generalists, p<0.01), but those visiting OB/GYN PCPs had fewer total chronic diseases (0.5 chronic diseases, p<0.01 for both comparisons). Over time, visits to specialist PCPs were increasingly with older patients (p=0.01, Online appendix Table 1 ).
Diagnoses
Generalist PCPs saw a wide range of primary diagnosis clusters (Fig. 2) , and visits were relatively distributed across these clusters. In contrast, the majority of visits to specialists PCPs (including OB/GYNs) were for diagnoses related to their specialty (e.g., 61.1 % of cardiologist PCP visits were for cardiovascular diagnoses).
Practice and Visit Characteristics
Visits to medical specialist PCPs were more common in the Northeast than in other regions of the United States (9.1 % of all PCP visits were to medical specialists in Northeast, vs. 3.8 % Midwest, 6.0 % South, and 5.0 % West, p<0.01). Medical specialist and OB/GYN PCP visits were more common in urban settings (87.5 and 86.8 %, respectively, vs. 80.6 % of generalist visits, p<0.01; Table 3 ). Medical specialist PCPs were more likely to be in solo practice and were more likely to be in physician owned practices than generalist PCPs or OB/GYN PCPs (Table 3) .
Mean visit length was 19.3 minutes for visits to generalists, 25.6 minutes for visits to medical specialists, and 18.3 minutes for visits to OB/GYN PCPs. (p=0.06, Table 3 , adjusted p<0.01 online appendix Table 3 ), and mean visit length increased over time for generalists and medical specialists (p<0.01, online appendix Table 1 ). About 10.8 % of generalist visits resulted in referrals, as compared to 7.4 % of medical specialist visits, and 4.1 % of OB/GYN PCP visits (p<0.01). The most common type of visit to generalists was for new problems (40.5 %), followed by routine management of chronic issues (34.1 %) and preventive care (14.5 %). The majority of visits to medical specialists were for management of chronic problems (51.0 %), followed by new problems (26.9 %). OB/GYN PCP visits were predominantly for preventive care (53.8 %), followed by new problems (21.6 %, p<0.01). Differences in patient and visit characteristics among specialties were significant after adjusting for calendar year (online appendix Table 3 ) and trends over time are shown in online appendix Table 1 . Table 4 summarizes comparisons of the quality of care among the different PCP specialties. The quality of cardiovascular care was higher in visits to cardiologist PCPs than in visits to generalist PCPs or other medical specialist PCPs (e.g. aspirin for coronary artery disease, 49.4 % for cardiologist visits, vs. 34.2 % for generalist visits, vs. 30.5 % other medical specialists p<0.01; Table 4 ). For cardiovascular disease, visits to generalists had higher quality than visits to other medical specialist PCPs for use of beta-blockers in coronary artery disease (34.7 % generalists vs. 21.2 % other medical specialists, p=0.05). OB/ GYN PCPs did not have enough visits with relevant diagnoses (e.g. atrial fibrillation, CHF, coronary artery disease [CAD] ) to allow comparison of cardiovascular or pulmonary quality. Visits to pulmonologists had higher rates of inhaled corticosteroid prescribing for asthma than generalist visits (37.5 % vs. 29.0 %, p=0.03).
Quality of Care
Visits to generalist had lower rates of inappropriate prescribing in the elderly than visits to specialists (9.7 % for generalists vs. 12.7 % for medical specialists, p<0.01), and specialists performed more smoking cessation counseling than OB/GYNs (29.5 % vs. 19.6 %, p=0.02). Other individual indicators of quality for general medical conditions were similar across the three groups (Table 4) . Finally, indicators of overuse were similar between generalists and medical specialists, but OB/GYN PCP visits demonstrated higher rates of cervical cancer screening in elderly patients (no screening 52.9 % OB/GYN vs. 96.8 % generalists, p<0.01). Over time, most cardiovascular quality measures improved for all specialties, blood pressure measurement during general medical exams increased for all specialties, and inappropriate prescribing for the elderly decreased for generalists and medical specialists (online appendix Table 2 ). 23 
DISCUSSION
In this study of national trends in the delivery of primary care by generalist and specialist physicians from 1997 through 2010, we demonstrate that generalist, medical specialist and OB/GYN PCPs perform different primary care roles for different populations. Generalist PCPs see the widest range of primary diagnoses, and most often see patients for new problems, suggesting they provide the most comprehensive primary care. OB/GYN PCPs see predominantly young women for preventive care and genitourinary complaints, while medical specialists predominantly see older patients for chronic disease management within their specialty. We also show that the proportion of visits in which medical specialists self-identify as the patient's PCP has decreased markedly over time, suggesting medical specialists are less frequently serving as PCPs. Finally, we found that quality of care for conditions within the specialist's domain was often higher than for visits to generalists, but that generalists provided similar or higher quality of care than specialists from other specialties. In this analysis, we find that generalist PCPs tend to see more patients for new problems, suggesting that they more effectively serve as "first contact" for their patients with new concerns. They also see a wider range of symptoms and diagnoses in their visits, suggesting that they perform comprehensive care for a wider range of medical problems. Consistent with this finding, generalist PCPs also refer to other physicians more, which could suggest that they are more likely to serve a "triage" role, coordinating entry into the health care system for their patients. In contrast, specialist PCPs tend to see older patients who have a chronic condition within their specialty domain. They see fewer new complaints, see a more limited range of diagnoses, and perform less preventive care, suggesting they provide less comprehensive care than generalist PCPs. OB/GYN PCPs serve a unique role, in that they see young women, almost exclusively for preventive care and for genitourinary complaints, and only rarely serve as PCPs for older women with multiple chronic diseases.
We also demonstrate a dramatic decline over time in the proportion visits in which medical specialists serve as PCPs. The U.S. currently faces a shortage of generalist physicians due to the aging generalist workforce, 25 earlier retirement among PCPs, 26 and fewer students 27 and residents 17 pursuing careers in family medicine and general internal medicine. This shortage will be exacerbated as the U.S. population ages and as more people obtain insurance with the implementation of the Affordable Care Act. 28 If there is further reduction in the primary care delivered by specialists, more patients will need to seek primary care from generalist physicians and as patients who see specialist PCPs are older, and have more serious medical conditions, this will increase the burden on generalist PCPs. These findings have important implications for primary care workforce projections. 29 Prior studies have shown that specialists serve as PCPs for a small proportion of their patients. 8 In contrast, we show that for some medical subspecialties, the proportion of visits in which the physician identifies as the patient's PCP is high. Notably, in 65 % of infectious disease visits and in 44 % of nephrology visits, the physician considers himself or herself the patient's PCP, and this has been stable over time. This suggests that for diseases such as HIV or chronic kidney disease, specialists are more likely to serve as PCPs, and these may be diseases for which specialist PCPs could serve as medical homes. 9 There are several limitations to our work. First, we rely upon the physician self-report to identify PCP visits. Other methods such as direct reports from patients might have provided different estimates. 30 Despite this, the question regarding PCP status has remained unchanged in NAMCS since 1997, suggesting that relative differences over time are likely to be representative of real changes. Second, measuring the quality of primary care is inherently * from logistic regression adjusted for sample weights, with specialty as sole predictor † NS signifies that there were insufficient visits to make valid comparisons AF atrial fibrillation; ACE/ARB angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers; CHF Congestive heart failure; BB Beta blocker; ASA Aspirin; CAD coronary artery disease; DM diabetes mellitus ; IH Inhaled; BP blood pressure; GME general medical examination; CBC complete blood count; EKG electrocardiogram; URI upper respiratory infection challenging. 31 Some have argued that the very essence of primary care; whole-person orientation, longitudinal care, and care coordination, is not adequately captured in disease specific quality metrics, leading to the "reductionist fallacy" that primary care is lower quality than specialty care. 32 Additionally, in this visit-based assessment of primary care, we cannot assess longitudinal features of primary care such as continuity. Third, as the unit of analysis is an individual physician visit, we have no data on the potential comanagement of disease among multiple physicians. Fourth, as the quality metrics available for use in NAMCS are based on a single visit, they rely heavily on accurate coding of all diagnoses, medications, and tests ordered in that visit. However, our observed proportions of visits achieving quality metrics are similar to those seen in other work. 21 -23 Finally, we tested for linear trends over time in the proportion of visits in which the PCP self-identifies as a PCP, which may not capture non-linear changes over time.
In conclusion, generalist, medical specialist and OB/ GYN PCPs serve different roles. Generalist PCPs see the widest range of diagnoses and serve more often as the first contact for new problems, suggesting they provide the most comprehensive primary care. Medical specialists and OB/ GYN PCPs see more limited patient populations for more focused functions. Efforts to design new models of primary care should account for the unique roles of specialist PCPs and for the decreasing role of medical specialists in providing primary care.
